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Report on 1978 LANDSAT Yield and Production Study
as it Pertains to the Objective Yield Program

Introduction

The 1978 LANDSAT Yield and Production Study (LYPS) was conducted in Iowa for
corn and soybeans. The purpose of the research was to obtain yield and LANDSAT
data sets so that possible relationships could be explored. If satellite
imagery is related to yield or some component of yield, it might be possible

to improve final yield estimates by incorporating LANDSAT data in a double
sampling approach. The New Techniques Section has been doing research on
improving acreage estimates with LANDSAT for several years. Some good gains

in precision have been documented. In a recent paper by Wigton and Huddleston,
a modest improvement in yield estimate precision was demonstrated for corn and
soybeans in a 1975 I1linois data set.

This report stems from the yield side of LYPS. In the process of computing
field level yield estimates for the research, some of the objective yield
estimating procedures were examined. The purpose of this report is to pass
along some of the results and suggest some changes which may be needed.

Yield Data Set

A rather extensive objective yield data set was obtained. In LYPS, we were
primarily interested in estimating the biological yield at the field level.

To obtain better field level inference, the number of final pre-harvest sam-
ples was increased from one to four in all corn and soybean objective yield
fields in Iowa. The only difference between the research units and the
regular objective yield units was that counts in the 6-inch sections were not
done for soybeans. Additionally, the post-harvest interview (Form D) was done
for all objective yield fields. Of the original 240 corn samples and 170 soy-
bean samples, we ended up with 166 corn and 126 soybean samples which had both
objective and farmer reported yields. Most of these fields had all 8 units
but a few only contained the two regular objective yield units.

Outline Form

In an effort to keep this report as short and concise as possible, an outline
form has been used. There is one section for soybeans and another for corn.
The Tonger tables appear in the Appendix and are numbered using a prefix of
IIA.II



Outline

I. SOYBEANS
A. How Final Soybean Objective Yield Estimate is Computed.
1. Computation of number of pods per unit area.
a. Computation of mean and CV? for Form B pods per unit area.
b. Computation of mean and CVS for Form C pods per unit area.
2. Computation of weight per pod at 12.5% moisture.

B. Comparison of Net Yield (Using Only Form C and Form E Data) and
Farmer Reported Yield.

1. Estimation of mean net yield at field level.
2. Estimation of variance of mean biological field yield.
3. Calculated means and variances.

C. Assumptions Used in Estimating Means and Variances in Regular
Objective Yield Program.

1. Row widths within a sample are equal.
2. Mean weight per pod is the same for both units within a sample.
3. Product of two components in Section I.A. is a single random
variable.
IT. CORN

A. How Final Corn Objective Yield Estimate is Computed.
1. Computation of number of ears per unit area.
2. Computation of grain weight per ear at 15.5% moisture.

B. Comparison of Net Yield and Farmer Reported Yield.
1. Estimation of mean net yield at the field level.
2. Estimation of variance of mean biological field yield.

3. Calculated means and variances.



C. Assumptions Used in Estimating Means and Variances in Regular
Objective Yield Program.

1. Row widths within a sample are equal.

2. Shelling fraction is the same for ears 3 and 4 of both units
as it is for all ears harvested in both units.

3. Mean gross sample level yield is equal to the product of two
components.

4, Variance of state yield is calculated using the formula
presented in Section I.B.3.

D. Effect of Using 2-Row Ear Counts Versus 1-Row Ear Counts at Field
and State Level.

IIT. CONCLUSIONS



I.

SOYBEANS
A. How Final Soybean

The following pro

Objective Yield Estimate is Computed.

cedure is based on the S&E Manual and discussions

with Methods Staff personnel. Similar notation to that found on

Pages 15D-8 and 1

Gross yield per
rea at 12.5% moi

1. Computation o

No. of pods
per unit area

where: X1

2
1

X

)

-
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a. Computati
X] is cal

X]i = AiB

where:

5D-9 of the S&E Manual is used.

unit )= No. of pods Weight per pod -
sture per unit area t 12.5% moisture B
f number of pods per unit area.

Narali V1x2> e

Estimated number of pods per unit area from Form B
Estimated number of pods per unit area from Form C
Squared sample level coefficient of variation

2
(CV]) for X]
Squared sample level coefficient of variation

2
(CVZ) for X2

on of mean and CV? for Form B pods per unit area.
culated for each unit.

i i=1, 2 units
Sum of pods in row 1 and:)

p =Srow 2 of 6-inch section
Sum of plants in row 1 and
row 2 of 6-inch section

Sum of plants in row 1 and row 2
g = S of 6-inch and 3-foot sections (4 rows)
(3.5 feet) (width of 4 row spaces) (2 rows)

2
RRLY
. = 1=]
1~ 2
(X )2
T (X, -X 2
yood= T =<x1r*12
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b. Computation of mean and cvg for Form C pods per unit area.
X2 is calculated for each sample.

' (Wy+W,) )(X/)(B rows)

(W‘)(W1dth of 8 row spaces)(6 feet)

where: w1 Weight of pods from row 1, unit 1

=
1]

2 Weight of pods from row 1, unit 2

W _ = Weight of pods from row 1 of the unit
€ counted in the lab
Xc = Number of pods from row 1 of the unit

counted in the lab

It has been shown in some unpublished notes by Bond that

the variance of X2 is equivalent to e
<}‘ w 1 Jor e
)
X, (Wy-W ) ¢ |
V(X (w +w ) T

This is true only if the four row width in unit 1 is the
same as in unit 2. It follows that

)
2 N +W

2. Computation of weight per pod at 12.5% moisture.

This component is derived from Form C.

Weight per pod ( ;) 100- % moisture)
at 12.5% moisture X (w +W ) 87.5

where: w1, wz, wc and Xc are defined as in Section I.A.1.b.
W = Threshed weight of beans from row 1 -of both units

% moisture = Percent moisture of beans immediately
after threshing

To obtain biological (gross) yield per acre, the gross yield per

unit area at 12.5% moisture is expanded to the acre level and

expressed in bushels. As presented here, the units are (grams/ft")
o (bushels/acre) would be obtained by multiplying by 43,560 and
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dividing by 453.59 and 60. Net yield is obtained by subtracting
a harvest loss estimate based on two units in a half sample of
all the objective yield fields. The formula for computing the
harvest loss is on page 15D-9 of the S&E Manual.

B. Comparison of Net Yield (Using Only Form C and Form E Data) and
Farmer Reported Yield.

1.

Estimation of mean net yield at field level.

Since no 6-inch counts were made in the research samples, the
field biological yield was computed separately for each unit
as follows:

ne o

(Y14+Y24)
8

YLDPAC = i1 (Adjustment factor)

where: i=1, 2, ..., 4 samples

Y,. = unit 1 yield

1i

_¢ "1\ (4 rows)(100- % moisture)
w]+w2_/(width of 4 rows)(3 feet)(87.5)

Yoi = unit 2 yield

WW, (4 rows)(100- % moisture)

- w]+w2 (width of 4 rows)(3 feet)(87.5)

Adjustment factor converts from grams/ft.2 to bushels/acre.

Notice that the sample mean (Y]+Y2)/2 is equivalent to

(X,) w?;?g; Eggsgﬁgea£> (Adjustment factor)

only if the 4 row measurements are the same for both units. Net
yield per acre was obtained for all fields with harvest loss
measurements as follows:

NYLDPAC = YLDPAC - HARVLOSS

where: HARVLOSS = objective yield harvest loss computation
in 2 units per field.



Estimation of variance of mean biological field yield.

The additional research samples were laid out from the other
three corners of the field. Assuming that the fields are
rectangular, the design is two random units in each quarter
of the field. Since the 8 units are not independent, the
within field variance was calculated using the well known
stratified variance formula

V(¥gy) = 1L sws

2
T
no, h™h

To use this formula, it was assumed that the quarters of the
field were four equal sized strata with a random sample of two
in each. The formula simplifies to

4 2

= 1 — 2 L= 3
v(-yst) - 37 hE] 121 (yhi-yh) e
where: h =1, 2, ..., 4 equal sized strata

i=1, 2 units per strata

When only 2 units are present in the field, the formula reduces
to the equivalent of a simple random sample variance with two
observations.
Calculated means and variances.
Table Al in the Appendix contains field level estimates using
8 units per field, if available, for the 72 soybean fields
having harvest 1oss measurements.
In Table Al, the variables are defined as follows:

N = Number of units in yield calculation

YLDPAC

Biological yield per acre

V(Tg,)
CV = Coefficient of variation for YLDPAC

YLDVAR

HARVLOSS = Harvest loss from a sample of two

ACHRV = Harvested acres in the field

FARMYLD = Farmer reported yield adjusted to 12.5% moisture

NYLDPAC

YLDPAC-HARVLOSS
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It can be seen in the table that most of the CV's are less than
10 percent when 8 units are available. The objective yield
compares well with the farmer yield in most cases particularly
considering that the harvest loss estimate is not very precise
at the field level. Table A2 shows a list of statistics
calculated at the state level for the 72 soybean fields with
harvest loss measurements. The net objective yield is not
significantly different from the average farmer yield.

A brief explanation of the procedure for calculating between and
within components of the biological yield variance follows.
Fields are selected with probability proportional to size as
determined in the June Enumerative Survey. If we assume that
the probability of selection was determined using actual size
rather than an estimate of size and that the ratio of sampled
units to total units within each field is small enough to be
ignored, then an unbiased estimate of the te%a4~variancevis
(Cochran pg. 308)

no~M=s

-~

(¥;-9°
V) = =

S i=1,2, ..., nfields

where: S@ = field level mean yield

ne~m 3

Y

i=]

n

It has been shown in some unpublished notes by Tortora that an
unbiased estimate of the within field variance component is

Wﬂw=iJ7?—L-i=1,2,.“,nfwws

The between component can be obtained by subtraction.

The variance of the net state level yield (72 observations)
was calculated by adding the harvest loss variance to the
variance of the state biological yield and subtracting a
covariance term.

Tables A3 and A4 are similar to Tables Al and A2 except they
pertain only to the regular objective yield samples. Expectedly,



the correspondence between net yield and farmer yield is

generally not as good at the field level. However, at the

state level the net yield is close to the farmer yield and

}gs?dthan a bushel away from the net yield with 8 units per
ield.

The following table shows state level means and variances
using all fields with farmer reported yield. The state average
harvest 1oss was subtracted to obtain net yield.

Table 1
Obs. Mean Var cv

Net Yield (8 units) 126 38.13 vy 2.3%
Net Yield (2 units) 126 37.63 1.28 3.0%
Farmer Yield 126 38.04 .73 2.2%

C. Assumptions Used in Estimating Means and Variances in Regular lf“tf
Objective Yield Program. B

1.

Row widths within a sample are equal. RRNREY

The method used in Section I1.B.1. did not make this assumption .’ ’,“7
but it is made in the regular program when the estimated number

of pods per unit area from Form C is calculated and when the

variance of the estimate is calculated (see Section I.A.1.b.). g
While it is agreed that the mean width of one row does not vary 4

a great deal within a field, if the row width is positively v .
correlated with number of pods, the regular objective yield Ay
estimate will be consistently high. The corresponding variance .
estimate will also be overstated. Since the row width is on the ' .
G.E. strung record at the unit level, it would be better not to

assume the row widths are equal.

Mean weight per pod is the same for both units within a sample.

There are really two different assumptions concerning weight
per pod. The mean weight of each whole pod is assumed to be
equal between units when X2 is calculated in Section I.A.1.b.

The mean threshed weight of each pod is assumed to be equal
between units when the weight per pod from Form-C is derived
(see Section I.A.2).

In the first case, since there is generally a negative correla-
tion between wt/pod and number of pods, the estimate of pods per
unit area will be low when the number of pods in the unit not
counted is higher than the number of pods in the unit that was
counted. The estimate will be high if the number not counted is
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less than the number counted. Since there is no reason to
believe that unit 1 (which is normally counted) consistently
has a higher or lower number of pods than unit 2, the estimate
over many fields would not be effected by the assumption.
Similarly, the variance of the estimated number of pods per
gnit area at the sample level is equally likely to be high or
ow.

In the second case where the threshed weight per pod is assumed
to be equal between units, the estimate of weight per pod from
Form C is also equally likely to be high as Tow at the sample
level. The bad thing about the assumption, however, is that

a within sample variance cannot be computed for the weight per
pod component. The importance of this will be discussed in a
later section.

Product of two components in Section I.A. is a single random
variable.

There are at least four variables present in the two components
on yield in Section I.A. They are row width, number of plants,
number of pods and weight of pods. These variables are put
together in a combination of products and ratios. Since 6-inch
counts were not made in the additional research samples, it was
not possible to examine the interrelationships between variables
as they are combined in the regular program. However, the three
component model used in forecasting was examined at some length
because it is similar. This model as it appears on Page 15D-8
of the S&E Manual is as follows:

Gross Yield _(No. of plants \/No. of podf) Weight Conversion)
per acre per 18 sq. ft,/\ per plant_/\per pod Factor

The first component is a ratio of the two variables plant count
and row width. The second component is a ratio of pod count
and plant count and the third component contains pod weight and
pod count. The problem with this method is that if there is a
nonzero covariance between the two variables comprising each
component, it is not theoretically correct to treat each compon-
ent as a single variable. The reason is that in obtaining the
mean for each component, the covariance is a factor in both the
expectation and the variance. This can be taken care of by
either calculating each of the components and the gross yield
per acre at the unit level or if sample level means are used,
including appropriate covariance terms in the mean and variance
calculations.

To see if the covariance terms had any real impact on the field
level means and variances, the components were each calculated
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assuming that they were composed of two random variables. The
components were obtained by taking the ratios of field level
means using 8 units per field. This procedure was compared with
calculating the components at the unit level and aggregating to
the field level. It was found that the first component could

be treated as a single variable since the row width had such a
small variance that the covariance term between number of plants
and row width was negligible. However, the other two components
generally had large enough covariance terms to warrant treating
each component as the ratio of two variables. Number of pods
and number of plants generally had a positive covariance while
weight of pods and number of pods always had a positive covari-
ance. An approximate formula for the variance of the ratio of
two random variables follows:

2
My Var(Y) ZuX Cov(X,Y)

Z_ 0 VaP(X)
Var(y) ot - 3
Hy Hy Hy

This formula was applied within a stratified design and contrasted
with treating the ratio as a single variable in a stratified
design. Even though the covariances were positive, the two
variable field level variances were usually higher than the one
variable variances. The apparent reason is that the variance of
each variable contributed enough to more than offset the covari-
ance term, The variance of the third component could not be
adequately evaluated because the pod count was only done in one
unit per sample. To correctly calculate the variance, a pod

count for each unit would be needed.

An approximate formula for the expected value of the ratio of
two random variables is

i, B Var(n)eovix,y) —

Xy =
E(y) I ?
My Wy
"
n \r“ uy \Var(Y) —
= X4 Varéj), X - p {var(X) e
UY uY UY i

If a component is calculated by simply dividing the two field
level means, the other terms are neglected. For the neglected
terms to offset one another and vanish p must be equal to N°Q¢vd*
CVY/CVX.V”So, the neglected terms will be positive if the 4{VL
~
e L

{boefficient of variation of the denominator is larger than th
numerator or if the CV's are about the same and p is small.
Similarly, a negative result will occur if CVY/CVx is less than
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p. The effect of omitting the last two terms in the above
formula could be fairly large at the field level. Calculations
were not made to determine if the bias over many fields was large.

To simplify consideration of the problem of taking the product
of three components which are themselves composed of two vari-
ables, it was assumed that each component was a single variable.
Therefore, the problem reduces to calculating the mean gross
yield and associated variance by taking the product of three
variables. Approximate formulas for the mean and variance are
as follows:

E(XYZ) = uxuyuz + uZCOV(X,Y) + uyCOV(X,Z) + uxCOV(Y,Z)
. 2 2
Var(Xyz) = u§ u, o * ui ug c§ + “i u§ og
+ 2y uzCOV(X Y) + 2u u2u Cov(X,Z) + 2u2u u_Cov(Y,Z)
Xy z ? X'yz ’ xX'yz ’

These formulas were used at the field level.

The effect of calculating E(XYZ) as the product of the three
components at the field level and omitting the covariance terms
is a 3.1 bushel/acre overestimate of the state mean gross yield

(72 fields, 8 units per field). Using just the 2 regular objec- o

tive yield units, the biased estimate is 1.4 bushel/acre higher. o
The state level variance of the biased estimate is about 50 (e
percent higher with 8 units per field and 15 percent higher with-n

2 units per field. The corresponding CV's are .4 pereent higher / U
with 8 units per field and .1\Pereent higher with 2 units per \
field. . ’

This discussion is intended to simply point out that when yield

components are used, yield estimates obtained by omitting the _ 7.
covariance terms are biased upward and variance estimates are =’ +
higher. The actual impact of treating multiple yield components

el L

as if they were a single random variable needs to be Tooked at ;y’ s
more closely. This same problem was analyzed more fully for AR
corn and is in a later section. e R,
. d‘) e |
7o Y
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IT. CORN
How Final Corn Objective Yield Estimate is Computed.

( Gross yield per unit) - ( No. of ears ) Grain weight per ear)
area at 15.5% moisture per unit area at 15.5% moisture

1. Computation of number of ears per unit area.

Calculated at sample level.

( Sum of ears in row.l >(2 rows )

and row 2 of both units
(width of 8 row spaces)(15 feet)

No. of ears
per unit area

2. Computation of grain weight per ear at 15.5% moisture.
Calculated at sample level.

<F1‘e1d weight) (She]hng{;‘) (Dry matter
Grain weight per eaf> = per ear Fractio Fract1on
at 15.5% moisture (.845)

Weight of ears from row 1
Field weight of units 1 and 2
per ear (1bs.) ) Number of ears in row 1
( of units 1 and 2

where:

Shelling (ﬁe1ght of shelled grain from earﬁ)
Fraction 3 and 4 of row 1 of both units
Weight of ears 3 and 4 of row 1
of both units at time of she]]iné)

- \time of moisture test
/Weight of ears 3 and 4\_/Weight helling
<< in bag in both units) (of bag) Fraction

To obtain biological (gross) yield per acre, the gross yield per
unit area at 15.5% moisture is expanded to the acre level and
expressed in bushels. As presented here, the units are (pounds/

footz) so (bushels/acre) would be obtained by multiplying by
43,560 and dividing by 56. Net yield is obtained by subtracting
a harvest loss estimate based on two units in a quarter sample of
all the objective yield fields. The formula for computing the
harvest loss is on Page 15B-6 of the S&E Manual.

Dry matter
Fraction

) Weight of grain at )(1 % moisture)
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B. Comparison of Net Yield and Farmer Reported Yield.

1.

Estimation of mean net yield at the field level.

It was felt that the net yield in the field could be best
estimated by not using components. The variance of the

field yield estimate is somewhat higher when two components are
used because two variables have to be estimated instead of

one and each has an associated error. To be able to properly
estimate the within field variance, yield must be calculated

on a unit basis rather than on the sample level. Since the
field weight of ears and the shelled grain weight are combined
for both units within a sample, a couple of assumptions must

be made to estimate unit level yield. The first assumption

is that the relative relationship between the weight of ears

3 and 4 and the total weight of ears harvested is the same
within a unit. The second assumption is that the shelling
fraction is the same for ears 3 and 4 of both units as it is
for all ears harvested in both units. Using these assumptions,
the biological field yield is computed as follows:

i=] J 1 Adjustment
YLDPAC = <:i ::) Factor

where: i = » 4 samples

j=1, 2 units

No. of Weight Ne1ght of ears
(ears i) <of ears) ( in row 1 of SF DMF

row 1 344 both units
Y., =
W 2 No of Ne1ght ngth
( ) ears 1n> (of ears> of 2 (15 ft.)(.845)
i=1 “row 1 3&4 OWS i3
Weight of ears we1gh e1ght
( 3&4n bag ;) of ears
Weight in both units bag 3 & 4
where:(of ears) = 5
3&4 i . Weight of
J . ears 3 &4
J=1
SFi = Shelling fraction in ith sample

DMFi = Dry matter fraction in ith sample
2
)

Adjustment factor converts from (1bs./ft.”) to (bushels/acre)
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The sample level gross yield using the above method is different
from that which would be obtained from the regular method in two
ways. Average row width for individual units is used and the
ear count is from row 1 of each unit rather than from both rows
of each unit. The reason for not assuming row widths to be
equal within sample was discussed in Section I.C.1. The reason
for using only the number of ears from one row within a unit
rather than from two rows is probably open to some debate. It
is recognized that the 2-row ear count will provide a better
estimate of the number of ears per unit area at a state level
but, at the field level, the inclusion of ear counts for which
there are not associated ear weights introduces room for addi-
tional error in the field yield estimate. Since we were
primarily interested in estimating the field yield, it was not
felt that 8 units per field was a sufficient number to permit
double sampling to work to our advantage. If a larger number
of units within field had been used, the 2-row ear counts would
have been useful. The effect of using 2-row plant count is
discussed in a later section.

It should also be pointed out that the assumption used to esti-
mate field ear weight on a unit basis is probably not a good
one but there was no alternative if the within field variance
is to be calculated according to the sampling design. The
assumption itself probably causes the estimated variance to be
understated. Field weights should be made separately for each
unit if a good estimate of variance is to be obtained.

Estimation of variance of mean biological field yield.

The variance was estimated with the same method as presented
in Section 1.B.2.

Calculated means and variances.

Table A5 in the Appendix contains field level estimates using

8 units per field, if available, for the 45 corn fields having
harvest loss measurements. The variables are as previously
defined in Section I1.B.3. As was the case with the soybeans,
most of the CV's are less than 10 percent. Table A6 shows some
state level statistics for the same 45 fields. The net objec-
tive yield is not significantly different from the average

farmer yield. However, the farmer yield has not been adjusted

to the standard 15.5 percent moisture because moisture per-
centage is no longer asked on the post-harvest interview. If

the farmer yield tends to be based on weight of grain immediately
after harvest, the moisture percentage is likely to be over 20
percent and the difference between the objective yield and far-
mer yield would be greater than it appears to be. The other
entries in Table A6 were calculated as explained in Section I.B.3.
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Table A7 contains the same information as Table A6 except only
the regular objective yield samples were used. The net yield
is actually closer to the farmer yield than in the previous
table. The between field and within field variance components
were not calculated.

The following table shows state level means and variances using
all fields with farmer reported yield. The state average har-
vest loss was subtracted to obtain net yield.

Table 2
Obs. Mean var o
Net Yield (8 units) 166 125.48 4.58 1.7%
Net Yield (2 units) 166 124.04 6.04 2.0%
Farmer Yield 166 121.13 3.27 1.5%

Assumptions Used in Estimating Means and Variances in Regular
Objective Yield Program.

Several assumptions used in the estimation procedure have been
mentioned and now some of them will be discussed more fully.

1.

Row widths within a sample are equal.

This assumption was discussed for soybeans in Section I.C.T.
and won't be dealt with in any great detail here. It is felt
that it would be better not to make this assumption since row
widths are obtained for individual units. While the row width
usually is consistent within fields, a quick look at the data
indicated that the 4-row measurement was unequal within sample
about 3 times as often as it was equal. The differences were
usually small but some were a foot or more.

Shelling fraction is the same for ears 3 and 4 of both units
as it is for all ears harvested in both units.

This assumption cannot be addressed directly because shelling
fractions are not available on a unit basis for ears 3 and 4

or for the field ears. Presumably ears 3 and 4 are an adequate
subsample. Since we had at most ¥our sample level shelling
fractions within a field, it was possible to get an idea of the
variability. On the average, the sample level shelling fraction
could be expected to lie within 4.3 percent of the field mean shell-
ing fraction 95 percent of the time. The data did not indicate

a significant correlation between the shelling fraction and the
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weight per ear. As far as calculating a state level yield is
concerned, this assumption appears to be reasonable. However,
to calculate a within field variance, a unit level shelling
fraction would be needed to go with unit level field weight
per ear.

Mean gross sample level yield is equal to the product of two
components.

In Section II.A. the gross yield per unit area at 15.5 percent
moisture is found to be equal to the product of the number of
ears per unit area and the grain weight per ear at 15.5 percent
moisture. Since the components are sample level means, there
is a covariance term in the expectation. That is,

E(XY) = uxuy + Cov(X,Y)

The use of this expectation assumes that each component is a
single random variable. As pointed out in Section I.C.3. this

is really not the case since each component is a ratio of two
random variables. For sake of discussion, however, it is assumed
that each component is a single random variable.

The question then becomes, what is the effect of omitting the
covariance term? It is difficult to estimate the covariance
directly because a rather large assumption needs to be made to
estimate the weight per ear component on the unit level (dis-
cussed in Section 1I1.B.1.). The covariance can be estimated
indirectly by finding the difference between the yields obtained
using components without a covariance term and not using com-
ponents. At the field level using all 8 units, the covariance
term generally accounted for a difference of one to two bushels
per acre with a maximum of seven bushels per acre. At the state
level, however, the effect of the covariance term was small (see
Table 3). With 45 fields and 2 units per field, the mean yield
obtained by omitting the covariance term was .5 bushels higher.
With 191 fields and 2 units per field, the mean without a covari-
ance term was 1.1 bushels higher. The two components were more
often negatively correlated but the positive covariances tended
to be larger so that offsetting biases made the effect of omitting
the covariance small. Whether this can be expected to consist-
ently happen is not known. It is suggested that components not
be used on the final estimate and that either covariances be
calculated during the forecasting when components are needed or
components be multiplied on a unit level. Of course, to do
either of the Tatter two suggestions, data would have to be
available on a unit level.
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Variance of state yield is calculated using the formula
presented in Section I.B.3.

As presented in Section I.B.3., an unbiased estimate of the
variance of the state level yield is

R
. (y;-y)
V(y) = i=1,2,...,n fields

where: yg = field level mean yield

[T ]
<

1 1
n

i

y =

Two assumptions needed to use this formula were presented. 1In
addition, it is necessary for each Y; to be an unbiased estimate

of the true field mean yield. Clearly, if the field level mean
yield is estimated by taking the product of two component means,
this is a biased estimate. Whether the same variance formula

is appropriate is questionable. The theory needed to address
this question was not considered in a rigorous manner. The
intent here is just to show how the total variance changes when
Y; is biased.

Table 3
45 fields, 8 units per field
No components Components Components
(Cov included) (Cov omitted)

YLDPAC 136.1 136.0 136.3
YLDPAC Variance 13.31 14.95 15.44

Between 10.40 11.59 ---

Within 2.92 3.37 ---
YLDPAC CV 2.7% 2.8% 2.9%

The first column of Table 3 does not agree with Table A6 because
2-row ear counts have been used. (The effect of the 2-row ear
count is discussed in a later section). The mean biological
yield per acre (YLDPAC) in the first two columns should be equal.
The reason for this is that an exact formula (presented in
Section I11.C.3.) was used to compute the field level means. It
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is suggested that the covariance estimates are causing the
differences. Since the field and state level yields should be
the same in the first two columns, the total variance should
also be the same. However, the within field variance is
higher with components because two variables were estimated
rather than one. The approximate variance formula which was
used to obtain the variance of each field level mean yield is

2

Var(X) + Hy

Var(Xy) = u$

Var(Y) + ZuXuY Cov(X,Y)

This formula was used within a stratified design and the within
field variance component calculated as discussed in Section I.B.3.
The third column in Table 3 shows the mean and total variance
when biased field level means are used. The total variance of
15.44 is to be compared with 13.31 in the first column. From

the total variance standpoint, it is again suggested that
components not be used on the final estimate or, alternatively,
that components be multiplied on the unit level so that covari-
ance estimates can be bypassed.

Effect of Using 2-Row Ear Counts Versus 1-Row Ear Counts at Field
and State Level.

It was stated in Section II.B.1. that 2-row ear counts were not used
to estimate field level yields. It was felt that the variability of
ear counts was such that with 8 units, more error would be introduced
by including ear counts without associated ear weights than would be
gained by using the additional information. Over many fields, how-
ever, the additional ear counts should be useful. In the same 45
fields used earlier, the mean yield was about 1 bushel per acre
higher with the 2-row ear counts. With 191 fields, the difference
was negligible (25 fields did not have farmer yield). So, 2-row

ear counts made little difference when averaging over many fields.
At the field level, however, differences of 3 or 4 bushels were
common with some in excess of 10 bushels. At the sample level,
differences as high as 20 bushels were observed. Since results are
similar over many fields, it may be worthwhile to consider whether
ears need to be counted in both rows.
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III.

CONCLUSIONS

A.

B.

Soybeans

1.

Corn

Yield estimates made from objective yield type data generally
compared favorably with the farmer reported yield at the field
level with 8 units per field. The mean over many fields was
less than 1 bushel/acre away from the farmer mean yield using
either 8 units or 2 units per field. However, state yield
estimates using the regular objective yield method were 3.5
bushel/acre higher than the farmer reported yield with 8
units and 1.1 bushel/acre higher with 2 units.

Use of components to obtain unbiased sample level yield requires
either that covariances be calculated or that yield components
be multiplied at the unit level. Both of these alternatives
require unit level counts and measurements. Under the current
objective yield methodology, covariances are needed to estimate
the within field component of variance.

Row widths should be used on a unit Tevel.

Yield estimates made from objective yield type data compared
favorably with farmer yield but the farmer yield could not be
adjusted to a standard moisture level. The yield estimates
obtained using the objective yield method were essentially the
same at the state level but some fairly sizeable differences
occurred at the field level. The mean objective yield with
166 fields was about the same with either 8 units per field or
2 units per field.

Components are not needed to estimate yield at the end of the
season. If they are used, either covariances need to be calcu-
lated or the product obtained at the unit level to produce
unbiased yield estimates. Field ear weight should be obtained
separately for each unit. The estimated variance of the biased
state level objective yield estimate was somewhat higher than
the variance of the corresponding unbiased estimate although
the use of the same variance formula was questioned.

The need for 2-row ear counts was questioned.

Row widths should be used on a unit level.
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Table Al
Field Level Soybean Statistics
72 fields and 8 units per field

SAMPLE N YLOPAC YLOVAR (1] MARYLOSS ACHRY FARNYLD NYLOPAC
2 8 38,7900 0,654 0.020846 6,1860 148,0 36,0000 32,6040
'y 7 43,8088 2.250 $.034237 2.4636 120,0 40,2206 41,345)
[ 8 43,3793 13,213 0.081796 13,3331 28,0 42,5280 30,0462
[] (] 57,3673 87,7121 0.163262 55,9916 40,0 50,0640 51,3157
10 8 46,9630 1,726 9,827975 4,0147 49,0 48,5486 42,9483
12 ] 46,2519 10.768 0.870947 2,4752 48,0 42,7543 43,7767
14 8 47.8858 12,451 9,073689 3,9887 76,0 38,0000 43,897)
16 8 40,9241 8,174 9.069860 2,7080 129,7 36,8206 38,2162
18 8 40+2617 5,083 0.055996 4,8527 38,0 34,0000 35,4090
LD — 8 36,3276 2.445 0.0843039 3.9930 86,0 30,1714 32,3346
26 8 7.5013 14,000 0.,498794 2,9339 7,0 5,2697 4,5674
IR B R0.1611  B1.197 0. 1TBIZT 3.3304  Bac0 35,7531 36.8467
30 8 41.7988 25.698 0.121280 1,7815 83,0 40,3200 40,0173
32 8 38.249% 2.008 $,037050 0,9282 60,0 35,1600 37.3214
3 ] 36,0928 3.332 0,850575 1,6760 20,0 32,1829 34,4169
36 3 38,6654 61.92¢ 0.202472 3,5504 35,0 43,2457 3%,3150
38 8 52.1216 15,440 9,07538% 2,0218 20,0 50,2423 50,0998
40 8 10.5161 2517 9.150859% 1,6376 10.0 11.1886 68,8785
42 8 46,8808 2,497 0,033709 2,034] 78,0 40,8000 64,8467
" 2 41,6350 103,263 9.244070 1,7018 76.8 51.4286 39,9333
46 8 42,0563 28,453 0.326834 2,7109 40,0 34,6000 39,3454
48 8 44,7932 7.931 0.062872 8,9838 62,0 40,6903 35,8094
50 [ 40,1262 12,717 0.888872 6.3921 78,0 15.4
52 8 40,0534 37,257 $.1523%2 6,5942 10040 40,8686 33,4592
Sa 8 45,9351 11,954 8.075269 2.9162 100.0 32,1829 43,0189
S6 8 43,7070 11,187 0.076527 3,3519 13.0 23.4021 40,3552
60 8 52,2448 7,106 0,051016 85,8177 9.1 48,7429 46,8271
82 [) 50,6466 67.908 0.162709 1.5960 9.5 38.8571 49,0506
64 8 56,3116 49,510 00224954 7.1190 46,0 41,7600 49,1926
66 2 39,8310 415,610 9.511826 12,0393 8,0 36,0069 27.7917
68 8 26,2969 7,529 92106342 4,0225 109,0 28,2645 22,2744
T2 [] 34,0182 6,386 9.,074203 1.6582 25.0 37,0523 32,3560
76 8 35,9217 43,768 0.,184171 5,534) 84,0 39,9000 29,3876
78 [} 43,7070 17.664 9.696159 2.6234 61,0 49,6571 41,0836
80 8 53,5078 11,399 0,063097 5,5530 153,0 40,1143 AT,9549
82 ) 43,4194 6,888 0.060444 4,8991 2%.0 27,0400 38,5203
84 8 34,3439 31,490 02163394 4,3288 770 33,600 151
86 [ 65,3116 1,771 0.1210167 6,1215 124,0 50,2320 59,1902
88 ] 50,3494 0,838 8.018180 _  2.0604 44,0 45,8229 48,3090
92 s 48,5291 60,228 0.159918 1.0661 52,0 47,5006 47,4630
94 8 €n,4721 1.8A80 B.823447 A A2
9 [ 31.0285 11,341 9.108533 2.9013 33,0 42,2400 28,1271
_8 50,4958 27,492  0,103833  1,591T7 _ 1S3.0 48,0429 4A,9051
102 8 49,8719 2.92% 9.6834291 1.5766 31,0 38,7000 48,2953
104 8 47,5084 0,814 0,038989 ~  2,5073 = Sp,0 45,5143 45,0012
106 8 39,8521 50,907 8179035 3,0350 65,0 46,7000 36,817
108 8 42,5624 18,027 0.699755 3,3676 59,0 52,5000 39,1949
110 8 31,3835 18,422 0.136763 5,9634 480,0 38,1429 25,4201
112 [ 27,8427 11,664 0.322663 2,8312 139,68 20,1143 25,0055
114 8 48,6301 2,997 0.035597 1.8475 3.9 45,2571 46,7826
116 [ 44.1975 1,716 95029642 0,6932 3ss,0 42,0960 43,3043
116 [) 53,2428 0.683 0.017697 55,3070 60,0 46,7429 47,9356
120 [ 49,4521 4] ,849 $.130815 1.0993 40,0 50,2857 48,3528
122 40,4053 6,771 9.064400 3,692% 5.0 33,6230 36,7128
; 124 [ 45,3253 2.802¢ 9,036934 3, nas 2,0 32,3657 41,6129
126 ¥ §3.,0432 24,2281 $.094579 35,9502 36.0 46,8291 48,0930
132 ] 27.6164 17,9123 0153253 2,4295 60,0 31,3543 25,1869
T34 ) 48,6246 ¢, 0287 $.041279 1.8747 0.0 42,7543 46,7499
142 8 30,6767 17,3323 9.135712 2,3552 168,0 31,5429 28,3216
144 8 31.4510 18,9538 9.138439 3,6840 4,5 26,8457 27.71679
148 8 28,8528 14,5562 9.332232 0,4242 27,0 20,3429 28,4286
148 8 43,6284 10,9133 0.075720 19,5847 120.0 68,2286 26,0437
150 8 36,1074 3,6383 9,052827 4,3005 38,0 27,1563 31,8069
152 [ 14,4341 T.2221 0.186184 0,956% 8,0 15,3000 13,4776
156 ) 27,2872 8,4022 9,306228 _ _ 1.9526_____ 90,0 31,9634 25,3346 __
156 8 28,1487 3,7180 9,068501 2.9980 27.0 37,2114 25,1507
158 8 48,8749 8,929)  8,065137 33,3656 16,0 39,1257 42,5092
160 [ 44,5954 7T.1128 9,059804 0.7293 36,8 43,9714 43,8661
164 ] 38,2634 1196767 9,089305 6,1652 33,0 30,9029 32,0981
166 2 40,1652 3,2781 0.,045078 4.1191 168.2 47,7257 36,0460
168 8 53,6888 77,4409 §,050808 3,0179 39,2 39,229 0.6709
170 8 48,4517 1.7113 $.027000 3,7936 $8.0 37,5558 44,6581
NaTl2
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Table A2
State Level Soybean Statistics
72 fields and 8 units per field

Means
YLDPAC 41.49
HARVLOSS 3.85
NYLDPAC 37.63
FARMYLD 37.24
Variances
YLDVAR 1.50
Between fields 1.17
Within fields .33
NYLDVAR 1.51
HARVLOSS Variance 13
FARMYLD Variance 1.50
Coefficients of Variation
YLDPAC CV 2.9%
NYLDPAC CV 3.3%
HARVLOSS CV 9.2%
FARMYLD CV 3.3%
Correlation (Pearson)
NYLDPAC and FARMYLD .72
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Table A3
Field Level Soybean Statistics
72 fields and 2 units per field

SAMPLET N YIDPAC  YLOVAR €Y - MARYLASS ACHRY FARMYLO MYLO®AC
2 __2 26,7712 2,87 0,06326 _ 6,1860 14R.0 36,4000 20,5851
4 1 37.8432 0.00 0.00NAD P.4536 120,00 40,2286 35,3795

62 318130 28,23 0,1A815__13.7131 29,0 42,5780 17,6799

] ? 602877 1391,37 0+51RT? 5.9916 40,0 S0, fhen 64,2961

io 2_4£a0152 21.T6 0.10946 4,0147 49,0 4A,54R6 42,9005

12 ? 4R.OS08 121,74 0.272967 2.4752 48,0 42,7543 45,5757
TSR 86,39 0,1559% _3.98RT _ TheQ 3R,0000 39,6871

16 2 47.RPA6 102,75 0.72119¢ 2.70R0 129,7 36,A72nk 45,1187
—18 2 478.091) 9,22 0N.0740A __ 4.852T7 JA.0 34,0000 36,1384

24 ? 31.733? 13,44 n,11552 3.9930 5640 30,1716 27,7402

9135 -] [ 9 ]
28 2 24,3415 26,64 0.21206  3,1204 54,0 35,7531 21,0211
—— 30 P 45.07S% 37,75 0,1363¢ 1.7815 83,0 40,2200 43,2962
32 2 31 .A0R4 1.92 0.N43RN n,92A? 60,0 35,1600 30,6802
3¢ P 30,6984 1.13 0.72674___ 31,6750 2040 32,1829 38,0227
36 2 39.7034 53,70 £.1A3TA 3.5504 35,0 43, ’657 36,1530
38 2 49,1199 1,27 0,022 L)
40 2 ?.3154 S.36 1.00000 1,6376 1o.o 1. 1qn6 0. 6778
> ] fa
44 7 41,6350 103,26 0.74407  1,7018 16 8 51,42A6 39, 9331
A6 2. 45,1542 9,40 0,06791 2.7109 40,0 A, ANN0 42,6433
48 2 Sn.0542 11,54 0.PK6RR  A.OR3B 62,0 40,6903 41,9724
Ana ] Ré
~ .82 P 3R.9161 48,51 0.17R9R  6£,5942 100.0 40,8686 32,3201
a a L] 4 916 0.0 32,1R729 35,4618

s6 2 33,343 19,24 0,13154 3.3519 13,0 23,4021 29,9914

60 P S7,136% 5,85 0.0423) _ S,4177 9.1 44,7429 51,7188

62 ? 39.6950 223,11 0.37629 15960 9.5 38,2571 38,0989
i

66 7 30,8319 415,61 0.511A3 12.0393  A.0 36,0069 27.7917

—— 6B 2 31,1078 40,41 0.19200 _4.0225 109.0 2R,2665 29,0854
T2 2 3R.6TA4  AA.93 0.74105  1.6%82 25.0 37,0523 37,0202
76 2 23,4645 503,75 1.00000  6,536) B4,0 39,9900 15,9106
78 ? 37.7971 4,R4 0.PS9AA 2.6234 61.0 49,4571 34,8737

[ s WD 40,1143 45,9874

B2 2 44,8759 26,12 0.1096A  4,R99]1 25.0 27.0400 41,7778

84 2 0.3744 .14 ),00000 6,288 77,0 31,5000 «3,9544

86 2 77.7813 575,14 0.30833  A.1215 124.0 S0,2320 71.6588

A8 D 47,1299 8,73 0474817 2,0404 44,0 45,0229 45,0886

92 7 49,5227 633,74 g.sﬂsa= 1.0AA1  S2.0 47,5006 48,4567

hJ A2A 1
96 2 46,7435 1.9 o.naoso 2.9013 33,0 42,7400 43,3422
— if0 2 Sg.R4BR 32,70 g.10n s 8

102 2 40,3602 26,49 0,1275] 1.5766 31,0 38,7000 38,7836
.____;gA___Z_51.5l36___12.51~n‘ﬂb3n2___245213__5n‘ﬂ.AS‘Sl%}_Aﬂ4nn63______

106 2 4A.3347 213,84 0,31629 . 32,0350 65.0 46,7000 43,1992

A n

110 2 A6.35%84 11,48 0.0R107 5.9634 480.0 18,1429 60,3922
11 A6.4R0) 11.16_0,09159 __2,81372 139,8 2n, 13143 33,6429
114 P ST.5193 26,39 0,.rA93) 1.8475 43.9 45,7571 55,6717
'S 79 ) CAL 0,A932 355,00 42,0950 47,1860
18 2 SA.9674 T.99 0.,04940 $.3070 60.0 44,7429 51,6605
a5y
122 2 34.9248 23.49 0.1387s 346925 35.0 33,6230 31,2343
e J24 2 3646128 . D.975.0.926973 ___J.T125 . _62.08 32,3457 32.9004
126 3 SQ,ATAS 106,747 0.173131  3.9502 36,0 46,8291 55,7263
———132 2 3644511 139,107 §.323546 .. 2.4295 _480.0 31.3543 36,0217
134 ? 3a.2901 4,721 Q.NSATAT LRTAT 60,0 42,7543 36,4156
._.__;&Z___z_JI‘ALSJ‘?l6‘853_n‘5A3921*__2.3552_JAB‘n_Jl.S123_ls‘nﬁsz__-__
148 2 2647210 16A,567 0.S530A4R 3.6040 4.5 26,8457 20,6379
- 1486 _ 2 26,8085 _12.742.0.113169 . 0.4242_ 27,0 20,3429 26,3811
148 4 30.0711 122515 0.2R3280 19,5847 120.,0 8,228K 19,4885
____15n___z_39‘A53A__~Z.Ann_n‘n39262"._A.3005 _35;3_21.lSAJ_JS‘liﬁn~___
152 7  ALJADGRA O.44R 0,N9RII] 06,9565 Re0 15.3000 5,8490
.___455__JLJA*Asss,..l.aza_n*AJ9SSA~__J.2526__QQ‘L_1L.9AJA_J
156 > 31,5425 0,053 0.007374 2.99R0 27.0 37.2114 2B,S445
158 2 47,2947 __15.432 o.n82193___;‘3656._46;3_39,1251wij‘$21a___.
160 ? Ak,ia27 J8.4K6 D IASTOA Ne7293 136.5 43,9714 35,7134
~——}864 .2 _89.599A. _Lt.nes.o.nvasas_._b.g652__3340.ao.snzs 43,4346
166 ? ARLI8&? 3.278 o.ﬂ«‘nTR .llQI 182 47,7257 36,0460
_ NESVVEPILT IV Y WK W T Zh
170 ? 52.4147 16,533 0.n77574 3,7936 S8.0 37.5558 48,6211

Nav2
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Table A4
State Level Soybean Statistics
72 fields and 2 units per field

Means
YLDPAC 40.73
HARVLOSS 3.85
NYLDPAC 36.88
FARMYLD 37.24
Variances
YLDVAR 2.76
Between fields 1.53
Within fields 1.23
NYLDVAR 2.72
HARVLOSS Variance .13
FARMYLD Variance 1.50
Coefficients of Variation
YLDPAC CV 4.1%
NYLDPAC CV 4.5%
HARVLOSS CV 9.2%
FARMYLD CV 3.3%
Correlation (Pearson)
NYLDPAC and FARMYLD .65
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Table A5

Field Level Corn Statistics
45 fields and 8 units per field

SAuPLE N YLDPAC YLDVAR eV MARYLOSS ACHRY FARMYLD NYLDPAC
3 8 156,796 213,263 0,105428 14495 _ 1%52,0 154,605 155,347

] (] 109,564 26,057 9.946590 6.1720 44,0 100,864 103,392

12 8 102,126 264,995 0,159399 3,103} 9240 120,000 99,022
16 (] 148,314 30.392 9.037171 13,6250 3640 126,000 134,689
20 8 124,661 42,161 0.052086 2,6022 12,7 102,362 122,059
D ) 162,048 B6.471 0.057384 4,9463 101.5 147,783 167,102
28 8 125,127 102,271 0.08082] 11,7189 36,0 133,000 113,408
36 8 136,740 85,621 0.867670 S,3754 190.0 142,000 131,365
40 8 161,054 124,826 0069371 7.1056 20.0 130,000 153,949
.4 K] 117.521 180,380 9.118282 3.6929 70.0 120,000 113,828

8 152,118 234,677 8.100706 13,0952 %9,5 155,042 139,023
“"“!““"“1‘“"1212106 35,372 $.080639 11,0158 69,0 133,333 110,050
56 8 152,080 - 62,189 8.051868 1,2591 58,9 129,71} 150,781
60 ] 143,876 143,983 $,083400 9.4940 85,0 131,000 134,382
84 8 134,790 70,776 65062414 7,0658 Poes 150,000 127,724
] ) 153.900 188,934 9.089313 7.1028 27.0 120,370 146,797

? 840 6.7745 6.0 108,000 123,742

T) ) 121.272 121,880 0.091035 5,7314 19.0 130,000 115,560

9.412 157,223

[T) ) 168,623 60,591 8.046162 1,5394 40,0 180,000 167,083
92 8 149,2]1 54,595 0049519 8,7632  Ss5,]1 = 139,909 _ )80,4%48
% 8 111,674 322,853 0.160898 9.4116 38,4 112,005 102,262
100 8 154,147 121,870 0,071617 3,0729 34,016 15078
108 8 146,756 102,077 9,068845 21,6617 195,0 147,179 125.093
116 8 46,954 16,005 0.085204 0,3468 34,0 35,000 46,607
120 8 141.220 161,086 0.069874 10,3846 7740 125,000 130,835
144 8 183,831 121,612 0,859989 33,1678 53,5 120,000 180,663
148 8 152,117 214,610 9.,096305 55,4575 6640 130,000 146,659
182 8 115.910 485,728 0,390141 14,9323 37,0 110.000 100,978
160 8 118,187 66,859 0.069184 1,3113 32.0 110,000 116,876
164 8 169,871 95,783 0,057613 5,0408 21.0 133,333 164,83)
176 O] 133,629 244,776 9.217080 12,3332 54,5 128,171 121,296
189 8 134,723 472,999 0+161432 7.7322 5040 110,000 126,990
184 [} 149,927 60.981 9.052086 27,2511 5646 120,671 . 122,676
188 8 135,217 25,534 0.037356 30,3581 7040 114,286 104,919
192 [} 128,237 60,439 0,060625 12,2727 31040 125,000 115,964
200 8 130.770 87.901 8.9716%5 6,6145 50,0 127,000 124,155
204 [) 6T.94% 178,171 0156454 5,726% 90,0 97,500 62,219
212 8 115,136 83,921 8.079566 16,8698 36,0 120,000 98,266
216 8 136,799 60,804 0.056179 2.5764 2540 120,000 136,223
220 8 110,372 39.74S 0,057119 7.5603 =5,0 130,000 102,8)2
224 ] 121,052 546,697 0,393188 55,2313 6,5 100,968 115.821
228 [ 143,576 4,813 0.01%281 8,7338 39,0 104,590 134,843
232 [] 146,818 450,542 0. 144574 17.9299 19,5 135,026 128.878
260 8 157.896 4,874 0.013982 8,0900 64,0 127,000 149,806
[ TY
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Table A6
State Level Corn Statistics
45 fields and 8 units per field

Means
YLDPAC 135.
HARVLOSS 8
NYLDPAC 126.
FARMYLD 124.
Variances
YLDVAR 14.
Between fields 10.
Within fields
NYLDVAR 14.
HARVLOSS Variance
FARMYLD Variance 10.
Coefficients of Variation
YLDPAC CV
NYLDPAC CV
HARVLOSS CV 1
FARMYLD CV
Correlation (Pearson)
NYLDPAC and FARMYLD
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Table A7
State Level Corn Statistics
45 fields and 2 units per field

Means
YLDPAC 132.23
HARVLOSS 8.40
NYLDPAC 123.83
FARMYLD 124 .31
Variances
YLDVAR 22.58

Between fields -
Within fields -
NYLDVAR 22.95

HARVLOSS Variance .95

FARMYLD Variance 10.09
Coefficients of Variation

YLDPAC CV 3.6%

NYLDPAC Cv 3.9%

HARVLOSS CV 11.6%

FARMYLD CV 2.6%

Correlation (Pearson)
NYLDPAC and FARMYLD .52
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